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Title of the Invention: Master Disk Exposure Apparatus and Method 

(57) [Abstract] 

[Object] 

To provide a master disk exposure apparatus that can expose minute pits and narrow 
grooves with high accuracy and is also provided with a developing function. 
[Solving Means] 

A master disk exposure apparatus 100 collects and irradiates a laser beam to a master 
disk 19 coated with a photoresist film 20, and photosensitizes the master disk in a desired 
pattern. A nozzle 210 fills water in a space between a condenser lens 17 and the master disk 19 
during exposure. A numerical aperture of the condenser lens 1 7 increases, and the condenser 
lens functions as a liquid immersion lens. The nozzle is connected through piping to a water 
tank and a developer tank, and a valve is provided that switches supply liquid to water or 
developer, so the master disk exposure apparatus can also function as a developing device. 



[Scope of the Claims] 
[Claim 1] 

A master disk exposure apparatus that photosensitizes a photoresist in a desired pattern 

by collecting and irradiating a laser beam onto a master disk for manufacturing a recording 

medium coated with a photoresist, comprising: 

an optical element that collects the laser beam onto a surface of the master disk, and 
means that holds liquid on an optical path between the optical element and the surface of 

the master disk. 

[Claim 2] 

The master disk as set forth [sic. in] claim 1 , 
wherein the optical element functions as a liquid immersion lens. 
[Claim 3] 

The master disk as set forth in claim 1 or 2, 

wherein the means that inserts the liquid is constituted by a nozzle that emits liquid onto 
the master disk and a liquid supply device that supplies liquid to the nozzle. 
[Claim 4] 

The master disk exposure apparatus as set forth in any of claims 1-3, further comprising: 
means that supplies developer onto the master disk. 
[Claim 5] 

The master disk exposure apparatus as set forth in claim 4, 

wherein the means that supplies the developer onto the master disk is constituted by a 
nozzle that emits the liquid or developer onto the master disk, a supply device that supplies the 
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liquid or developer to the nozzle, and a switching device that switches supply of the liquid or 
developer to the nozzle. 
[Claim 6] 

The master disk exposure apparatus as set forth in claim 5, further comprising: 
a testing device that tests an exposed and developed master disk. 
[Claim 7] 

The master disk exposure apparatus as set forth in claim 6, 

wherein the testing device is an optical head including the optical element of the master 
disk exposure apparatus. 
[Claim 8] 

The master disk exposure apparatus as set forth in any of claims 1-7, 
wherein the liquid is water, 
[Claim 9] 

A master disk exposure method that photosensitizes a photoresist in a desired pattern by 
collecting and irradiating a laser beam onto a master disk for manufacturing a recording medium 
coated with a photoresist, 

wherein master disk exposure is performed while holding liquid between the optical 
element that collects the laser beam and the master disk. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

This invention relates to a master disk exposure apparatus that manufactures a master 
disk of a substrate for a recording medium such as an optical disk, etc., and more particularly to a 
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master disk exposure apparatus and method that can improve an exposure resolution when a 
master disk coated with a photoresist is exposed. 
[0002] 
[Prior Art] 

Substrates such as compact disks and optical magnetic disks are manufactured by forming 
patterns of grooves or preembossed pits on a master disk corresponding to preformatted signals 
by exposure and developing, manufacturing a stamper by copying the obtained master disk, and 
injection molding a plastic material, etc. by an injection molding machine on which the stamper 
is mounted. A master disk exposure apparatus is used in order to form the pattern of grooves or 
preembossed pits on the master disk. Normally, the master disk exposure apparatus 
photosensitizes a photoresist in a predetermined pattern by turning the laser beam irradiated onto 
a master disk surface on and off according to a preformatted signal, while the glass master disk 
coated with the photoresist is being rotated. After the photosensitized master disk is removed 
from the master disk exposure apparatus, it is mounted to a turntable of a developing device, and 
developing is performed by supplying an alkali liquid onto the master disk surface from above, 
which is being rotated. After developing is completed, a testing device provided with an optical 
head performs testing as to whether the dimensions of the grooves or pits formed on the master 
disk are appropriate. Thus, a master disk for stamper formation is manufactured. 
[0003] 

As the above-mentioned master disk exposure apparatus, for example, Television Society 
Magazine, Vol. 37, No. 6, pages 475-490 (1983) discloses a laser cutting machine of a 
VHD/AHD type video disk that can condense a laser beam onto a spot size of approximately 
0.5 jim on a master disk, using an optical head with a laser beam wavelength X = 457.98 run and 



4 



a lens numerical aperture NA = 0.93. It is reported that if this cutting machine is used, embossed 
pits can be formed at a minimum of 0.25 pm. Furthermore, this cutting machine uses a focusing 
servo system that uses a He-Ne laser as an auxiliary beam in order to cause the laser spot to 
follow the master disk. 
[0004] 

Japanese Published Patent Application 6-187668 discloses a method of manufacturing an 
optical disk master disk that can increase narrowing of a track pitch and decrease cross talk from 
an adjacent track regardless of high-density recording. Substantially the same laser cutting 
machine as in the above-mentioned reference is used during master disk exposure. 
[0005] 

[Problem to be Resolved by the Invention] 

As the information amount increases due to the shift to multimedia in recent years, high 
density and large capacity of an information-recording medium such as an optical disk is 
demanded. In order to respond to this demand, in a master disk exposure apparatus as well, it is 
necessary to miniaturize and expose a pattern of grooves or embossed pits to be recorded in an 
optical disk, etc. In order to expose such a minute pattern, increasing the numerical aperture 
(NA) of a lens that collects a laser beam onto a master disk, or making a wavelength of the laser 
beam shorter, can be considered. However, there is a limit to increasing the numerical aperture 
(NA) of the lens and making the laser wavelength shorter, and it is not easy to significantly 
improve the exposure resolution capability. 
[0006] 
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Furthermore, as described earlier, the exposure and developing steps were separately 
performed by using a master disk exposure apparatus and a developing device, respectively. 
Thus, the manufacturing cost was high, space was also needed to put the devices, and the steps 
for manufacturing a stamper were complex. 
[0007] 

An object of this invention is to provide a master disk exposure apparatus that can make a 
groove narrower according to miniaturization of an information pit and narrowing of a track 
pitch. 
[0008] 

Another object of this invention is to provide a master disk exposure apparatus provided 
with not only an exposure function but also a developing function, and an improved exposure 
resolution. 
[0009] 

♦ 

Another object of this invention is to provide a master disk exposure method which can 
make a groove narrower corresponding to miniaturization of an information pit and narrowing of 
a track pitch. 

[Means of Solving the Problem] 

According to a first mode of this invention, a master disk exposure apparatus that 
photosensitizes a photoresist in a desired pattern by collecting and irradiating a laser beam onto a 
master disk for manufacturing a recording medium coated with a photoresist is provided with an 
optical element that collects the laser beam onto the master disk surface, and means that holds 
liquid on an optical path between the optical element and the master disk surface. 
[0010] 
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A principle of a master disk exposure apparatus of this invention is explained with 
reference to Fig. 6. Fig. 6 is an enlarged conceptual view in the vicinity of a master disk 19 
exposed by an optical head of a master disk exposure apparatus of this invention. A laser beam 4 
irradiated from a laser beam source (not depicted) of a master disk exposure apparatus is 
collected on a surface of the photoresist film 20 coated onto the master disk by a condenser 
lens 17. A master disk exposure apparatus of this invention is provided with a nozzle 210 that 
supplies liquid 200 onto a surface of a master disk as shown in Fig. 6. During the exposure 
operation, a gap between the condenser lens 17 and the photoresist film 20 of the master disk is 
filled with the liquid 200 supplied from the nozzle 210. Here, the following equation (1) 
generally shows a minimum distance r between two points that can be distinguished by the 
condenser lens 17. 
[0011] 
[Equation 1] 

r = X/NA = X/(nsina)...(l) 
In this equation, X shows the wavelength of a laser beam 4 entering the condenser lens 1 7. NA 
shows the numerical aperture of the condenser lens 17. n shows the index of refraction of an 
object side (master disk side) medium of the condenser lens 17. a shows half of the maximum 
opening, that is, a half size of the numerical aperture of a luminous flux irradiated from the 
condenser lens 17. The smaller the minimum distance r between two points that can be 
distinguished by the condenser lens 17 is, the higher the exposure resolution of the master disk 
exposure apparatus becomes. If the wavelength X of the laser beam is constant, in order to 
reduce r, it is understood that NA needs to be increased according to the above-mentioned 
equation (1). As shown in equation (1), NA is defined by NA = n ■ since. Thus, in order to 
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increase the NA, the index of refraction n and the half size of the numerical aperture a need to be 
increased. In this invention, the liquid 200 (n > 1) is filled in between the surface of the master 
disk 20 and the condenser lens 17, so the NA can be increased more than when air (n = 1) is 
between the master disk surface and the condenser lens, that is, more than the condenser lens of a 
conventional master disk exposure apparatus. In other words, in the master disk exposure 
apparatus of this invention, the condenser lens 17 can be used as a liquid immersion lens. With 
respect to the liquid 200, in order to increase the NA, liquid with a large index of refraction is 
preferable. However, from a perspective of suppressing aberration of the lens 1 7, when a gap 
between the master disk surface 20 and the condenser lens 17 is finely adjusted, liquid having an 
index of refraction close to that of the condenser lens 17, for example, cedar oil, is preferable. 
However, the liquid 200 contacts the photoresist film 20 of the master disk, so from a standpoint 
of not eroding the photoresist, and of facilitating post processing, water is preferable. 
[0012] 

The master disk exposure apparatus of this invention can be further provided with means 
that supplies a developer onto the master disk. By mounting developer supply means onto the 
master disk exposure apparatus, a developing machine used for a process after exposure is not 
needed, and exposure/developing processing can be simplified. 
[0013] 

The means that supplies the developer onto the master disk is constituted by a nozzle that 
emits liquid or developer to be held between the optical element and the master disk onto a 
master disk, a supply device that supplies the liquid or developer to the nozzle, and a switching 
device that switches supply of the liquid or developer to the nozzle. In a specific example of the 
master disk exposure apparatus of this invention, in order to have a liquid between the condenser 
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lens and the master disk, a nozzle that emits liquid onto the master disk and a supply device that 
supplies liquid onto the nozzle are used, so if a switching device, for example, an 
electromagnetic valve, that switches the supply liquid between developer and exposure liquids 
mounted, the nozzle and liquid supply device can be used for developer supply, and a developing 
function can be incorporated into a master disk exposure apparatus with a more simplified 
structure. 
[0014] 

The master disk exposure apparatus of this invention may be further provided with a 
testing device that tests the width, depth, etc. of a pit or groove of the exposed and developed 
master disk. By so doing, exposure, developing, and testing can be performed in one device by 
using a master disk exposure apparatus. Equipment cost can be reduced, and the processing steps 
up to manufacturing a stamper can be simplified. A conventional testing device is provided with 
an optical head, and a developed and exposed pit or groove width is tested by scanning testing 
light from the optical head. Thus, an optical head including a condenser lens of a master disk 
exposure apparatus can be used as an optical head for testing, and the device can be simplified 
and made smaller. 
[0015] 

According to a second mode of this invention, a master disk exposure method is provided 
in which a photoresist is photosensitized in a desired pattern by condensing and irradiating a laser 
beam onto a master disk for manufacturing a recording medium coated with a photoresist, and 
master disk exposure is performed while liquid is held between the master disk and an optical 
element that collects the laser beam. 
[0016] 
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According to the master disk exposure method of this invention, in order to perform 
master disk exposure by having liquid between the master disk and the optical element that 
collects the laser beam, the optical element can function as a liquid immersion lens, and exposure 
resolution of the optical head can be improved. Furthermore, dust, etc., attached onto the master 
disk during exposure can be removed by moving the liquid. 
[0017] 

[Embodiments] 

The following explains modes and embodiments of a master disk exposure apparatus 
using a solid-state immersion lens of this invention, with reference to drawings. 
[0018] 

[First Embodiment] 

A first embodiment of a master disk exposure apparatus according to this invention is 
explained with reference to Fig. 1. Fig. 1 shows a structural schematic view of a master disk 
exposure apparatus 100. The master disk exposure apparatus 100 is mainly constituted by a laser 
beam source 1 that emits a laser beam for exposure, an acoustic optical (AO) modulator 7 and an 
acoustic optical (AO) deflector 9 that adjust an irradiation timing and an irradiation position, 
respectively, with respect to the master disk 19, an exposure optical head 27, a turntable 21 that 
rotates the master disk 19, a nozzle 210 and a water/developer supply device 220 that emit water 
onto the master disk 19, an image pick-up tube 24 and a display 26 that monitor an irradiated 
spot, and various optical elements that adjust an optical path, such as a beam splitter 3, a mirror 
1 1, a half mirror 13, lenses 6, etc.. 
[0019] 
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A laser luminous flux 2 emitted from the laser beam source 1 is divided into a first 
luminous flux 4 and a second luminous flux 5 by the beam splitter 3. The first luminous flux 4 
enters the AO modulator 7 sandwiched by the pair of lenses 6 and is modulated into pulse light 
according to a timing of a signal to be recorded. After the pulse light modulated by the AO 
modulator 7 is reflected by a mirror 8, it enters the AO deflector 9, and is deflected so as to 
irradiate a predetermined radial direction position of the master disk 19. Next, the deflected light 
enters the optical head 27 via a polarization mirror 10 and the mirror 1 1 . A relay lens 15 and a 
condenser lens 17 that will be discussed later are mounted to the optical head 27. The laser beam 
is collected by these lenses at a predetermined position of the surface of the master disk 19. A 
photoresist 20 that is photosensitive with respect to the entering light is coated onto the master 
disk 19 in advance. Meanwhile, the second luminous flux 5 enters an EO modulator 12. The 
irradiation timing and the exposure amount can also be modulated by the EO modulator 12, 
instead of the AO modulator 7. After the light which has passed through the EO modulator 12 is 
reflected by the half mirror 13 and goes through a X/2 phase plate 14, it reaches the optical head 
27 via the polarization mirror 1 0 and the mirror 1 1 . 
[0020] 

The nozzle 210 is arranged above a turntable 21 and in the vicinity of the center of the 
master disk 19 and emits water 200 toward the master disk 19. When the master disk 19 is 
rotated by the turntable 21, the water 200 spreads to the periphery of the master disk 19 due to 
the centrifugal force and forms a water film covering the photoresist film 20 of the master disk. 
The water 200 which moves toward the periphery of the master disk 19 fills a gap between the 
condenser lens 17 and the surface of the photoresist 20 of the master disk, so the condenser lens 
17 functions as a liquid immersion lens. 
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[0021] 

The light irradiated onto the photoresist film 20 of the master disk 19 from the optical 
head 27 forms a spot smaller than a theoretical minimum spot diameter in air according to the 
above-mentioned equation (1) and the principle of the liquid immersion lens and photosensitizes 
the photoresist film 20. Because of this, the exposure resolution improves to more than that of a 
conventional master disk exposure apparatus, and a more minute pattern of pits and guide 
grooves can be exposed with high accuracy. Details of the structure of the optical head 27 are 
described later. 
[0022] 

The light reflected from the surface of the photoresist film 20 of the master disk 19 goes 
through the condenser lens 17 and the relay lens 15, becomes parallel light, and is collected on 
the image pick-up tube 24 by the lens 22 via the mirror 1 1, the polarization mirror 10, and the 
half mirror 13. A spot shape formed by the condenser lens 17 can be checked by observing spot 
images 26a, 26b shown on the display 26 of the image pick-up tube 24. 
[0023] 

Operations of the laser beam source 1, the AO modulator 7, the AO modular 12, the 
turntable 21, etc. are overall managed by an undepicted controller (see Figs. 3 and 4). A 
Preformatted signal is input to the controller, and the light emitting cycle, etc. of the AO 
modulator 7, etc. is adjusted accordingly. 
[0024] 

The following explains details of the structure of the optical head 27 of the master disk 
exposure apparatus 100 with reference to Figs. 2 and 3. Fig. 2 shows a perspective view in 
which the optical head 27 supporting the condenser lens 1 7 via an elastic member 1 8 is seen 
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from a lower direction. Fig. 3 shows an enlarged cross-sectional view of the optical head 27. 
Furthermore, in Fig. 3, in order for the readers to understand the structure of the optical head 27 
easily, the water 200 emitted from the nozzle 210 is omitted. 
[0025] 

As shown in Fig. 2, the optical head 27 is provided with the condenser lens 17, a 
condenser lens holder 16a holding the condenser lens 17, and an optical head base portion 28. 
The condenser lens holder 16a is supported by four support members 29 fixed to a bottom 
surface of the base portion 28, and by elastic members 18a, for example, plate springs, connected 
to these members. Because of the support structure, the condenser lens holder 16a is restricted in 
directions parallel to the master disk plane (X, Y directions in the figure) and can be moved in an 
optical axis direction (Z direction in the figure) of the condenser lens 17. 
[0026] 

As shown in Fig. 3, the condenser lens holder 16a is provided with a relay lens holder 32 
supporting the relay lens 15 above the condenser lens holder 16a via a piezo element 33. Here, 
the piezo element 33 changes an optical axis direction position of the relay lens 15 with respect 
to the condenser lens 17 and finely adjusts a focus position of the relay lens 15. 
[0027] 

The relay lens holder 32 is connected to the support members 29 of the base portion 28 
via the elastic members 18b. Above the relay lens holder 32, a bobbin 34e forming a voice coil 
type actuator 140 is fixed. A coil 34f, a permanent magnet 35b, and yokes 36c, 36d that are other 
structural elements of the actuator 140 are mounted to the base portion 28. Thus, when the 
actuator 140 is driven, the condenser lens 17 and the relay lens 15 are moved in the optical axis 
direction (upper/lower directions in the figure) with respect to the base portion 28. Driving of the 
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actuator 140 is performed via the controller 88 based on the observation result of the spot images 
26a, 26b by the display 26 of the image pick-up tube 24. By so doing, a gap between the end 
surface of the condenser lens 17 and the surface of the master disk 19 is adjusted to an 
appropriate value. The gap between the end surface of the condenser lens 17 and the surface of 
the master disk 19 is generally adjusted within a range of several jam through several lO^im 
according to a focal length of the condenser lens 17. 
[0028] 

The condenser lens 17 is a hemispherical lens formed by cutting part of a sphere. It is 
preferable that a cross-sectional surface of the lens 17, that is, an emitting surface 17a of the lens 
17, should be processed in a convex curved surface so as not to contain bubbles included in water 
on the surface of the emitting surface. The lens shape and the position of the cross-sectional 
surface of the lens are not particularly limited, but they can be processed so that the condenser 
lens 17 becomes a non-aberrated lens. The material of the condenser lens 17 is not particularly 
limited, but C, SiC, Si 3 M4, Zr0 2 , Ta 2 0 5 , ZnS, Ti0 2 , or high refractive-index glass and common 
optical glass, quartz, etc. can be used. 
[0029] 

The following explains details of the structure of the water/developer supply device 220 
shown in Fig. 1 with reference to Fig. 4. The water/developer supply device 220 is mainly 
constituted by tanks 82, 84 that store developer, which is alkali liquid, and water, respectively, a 
nitrogen pump 92 that pressurizes the inside of the tanks, pipes 80, 80a, 80b that supply 
water/developer into the nozzle 210 from the tanks 82 and 84, a controller 88, etc. The nozzle 
210 emitting water/developer is connected to the pipe 80. From the middle of the nozzle 210, the 
pipe 80a connected to the developer tank 82 and the pipe 80b connected to the water tank 84 are 
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separately arranged. Electromagnetic valves 86a and 86b are mounted to the pipes 80a and 80b, 
respectively. The opening and closing are controlled by the controller 88. A flow amount 
control valve 90 is mounted to the middle of the pipe 80, and a flow amount of liquid emitted 
from the nozzle 210 is controlled via the controller 88. High-pressure nitrogen is supplied from 
the nitrogen pump 92 to the developer tank 82 and the water tank 84, respectively. By 
pressurizing the inside of the tanks, developer and water are supplied to the pipes 80a, 80b from 
the tanks 82, 84, respectively. The nitrogen pump 92 is also controlled by the controller 88. 
Furthermore, the controller 88 is common to the controller that overall manages an exposure 
operation of the master disk exposure apparatus as shown in Fig. 1. 
[0030] 

The following explains an operation of the developer/water supply device 220 as shown 
in Fig. 4. When exposure is performed in the master disk exposure apparatus, the controller 88 
opens the electromagnetic valve 86b on the water tank 84 side and supplies water within the 
water tank 84 to the pipe 80. The controller 88 also controls the flow amount control valve 90 
and adjusts the flow amount of water running in the pipe 80, and an appropriate amount of water 
is emitted from the nozzle 210. By so doing, during exposure, a gap between the condenser lens 
17 and the photoresist 20 on the master disk surface is filled with water, and the condenser lens 
17 functions as a liquid immersion lens. Furthermore, dust, etc. attached to the photoresist film 
20 before or during exposure is washed out by water from the nozzle, so deterioration of 
exposure accuracy due to attachment of dust, etc. can be suppressed. Furthermore, the water 
amount emitted from the nozzle 210 needs to be an amount that can constantly fill the gap 
between the condenser lens 17 and the photoresist 20 on the master disk surface, but it is 
desirable that the gap that is maintained between the condenser lens 17 and the photoresist 20 on 
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the master disk surface should not fluctuate due to the movement of water on the master disk. In 
order to stabilize the flow of water on the master disk, it is also acceptable that the emitting 
direction of the nozzle 210 should be a horizontal direction. Furthermore, in order to reduce 
water resistance by the condenser lens holder 16a, the end portion of the bottom surface of the 
condenser lens holder 16a can form a curved surface. 
[0031] 

When exposure of the master disk 20 is completed, the controller 88 closes the 
electromagnetic valve 86b and opens the electromagnetic valve 86a on the developer tank 82 
side, and thereby the liquid emitted from the nozzle 210 is switched from water to developer. 
The flow amount control valve 90 adjusts a flow amount of developer according to the control of 
the controller 88, and developer is emitted from the nozzle 210 at an appropriate speed. Thus, a 
developing operation of the photosensitized master disk 20 is performed. 
[0032] 

In the device 220 shown in Fig. 4, by switching developer and water through the 
electromagnetic valves 86a, 86b, the same nozzle 210 can be used for supply. Therefore, after 
exposure is completed, developing can be performed on the spot, without moving the 
photosensitized master disk. 
[0033] 

Furthermore, the optical head 27, the image pick-up 24, and the display 26 shown in Fig. 
1 can also be used as a testing device that can test the width, depth, etc. of a pit or groove formed 
on the master disk after exposure and developing are completed. Thus, by having this type of 
master disk exposure apparatus, a conventional master disk exposure apparatus can be made into 
an integrated type device that can perform exposure, developing, and testing. 
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[0034] 

[Second Embodiment] 

A second embodiment of a master disk exposure apparatus according to this invention is 
explained with reference to Fig. 5. Fig. 5 is a cross-sectional view showing a modified example 
of the optical head 27 of the master disk exposure apparatus shown in Fig. 3. The optical head 
portion shown in Fig. 5 has the same structure as the optical head portion of the master disk 
exposure apparatus 100 of the first embodiment, except that the structure of the condenser lens 
holder 16b supporting the condenser lens 17 is different from the condenser lens holder 16a 
shown in Fig. 3. Thus, the same symbols are used for the members and the structure common to 
the master disk exposure apparatus 100 of the first embodiment, so the explanation thereof is 
omitted. Furthermore, Fig. 5 omits the depiction of water emitted from the nozzle 210 in order 
to help the readers understand the structure of the condenser lens holder 16b. 
[0035] 

The condenser lens holder 16b supports the condenser lens 17 in the center, and the 
holder bottom portion forms a conical surface so that an interval with the master disk 19 becomes 
larger as it is extended toward the outside. Inside of the condenser lens holder 16b, hollows 
(optical paths) 16f, 16g connected to the condenser lens 17 from the outside are symmetrically 
formed sandwiching the optical axis of the condenser lens 17. An optical fiber 40 is mounted at 
an aperture portion (light entering port) of one optical path 16f. A lens position detector 41 
provided with a slit 41a and a detector 41b is mounted at the aperture portion (light exit port) of 
the other optical path 16g. The detector 41b of the lens position detector 41 is connected to the 
controller 88 that controls the above-mentioned voice coil motor 140. That is, in the master disk 
exposure apparatus of the first embodiment, control of the voice coil motor 140 is performed 
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based on the observation result by the display 26. However, in this embodiment, it is performed 

based on a detecting signal from the lens position detector 41. 

[0036] 

After the light emitted from the optical fiber 40 enters the condenser lens 17 via the 
hollow (optical path) 16f, it is reflected by the master disk 19, again goes through the condenser 
lens 17 and hollow (optical path) 16g, and enters the lens position detector 41. The lens position 
detector 41 is divided into the detectors 41a and 41b. When an interval between the end surface 
17c of the condenser lens 17 and the master disk surface 20 is a predetermined appropriate value, 
the center of the light reflected from the master disk is designed so as to be arranged in the 
middle of the detectors 41a and 41b of the lens position detector 41. That is, at this time, the 
light amount of the reflected light of the detectors 41a and 41b becomes equal. Thus, during the 
exposure, that is, when water is emitted from the nozzle 210 and water flows above the 
photoresist 20 on the surface of the master disk, if the interval between the end surface 17c of the 
condenser lens 17 and the photoresist 20 of the master disk is not an appropriate interval, the 
reflected light detection output from the detectors 41a and 41b becomes off balance, and in 
response to this, the voice coil type actuator 140 is driven by the controller, and the interval 
between the condenser lens 17 and the master disk 19 is changed so as to be an appropriate value. 
Furthermore, when liquid such as water is filled in a space between the condenser lens 1 7 and the 
photoresist surface 20, if an index of refraction between the photoresist and the liquid is similar, 
the intensity at which the light coming from the optical fiber 40 is reflected by the photoresist 
surface 20 becomes small, the light amount detected by the position optical detector decreases, 
and a servo may become unstable. In this case, by forming a reflecting film such as aluminum, 
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etc. in a space between the photoresist and the master disk, the reflected light amount can be 

increased. 

[0037] 

The master disk exposure apparatus shown in Fig. 5 is provided with the lens position 
detector 41, so automatic adjustment is performed via the controller 88 so that the interval 
between the condenser lens 17 and the master disk constantly becomes an appropriate value. 
Thus, even when fluctuation of the condenser lens holder 16b in the upper/lower directions is 
generated due to fluctuation of a flow amount of water supplied to the master disk surface during 
exposure, the interval between the condenser lens 17 and the master disk can be converged to an 
appropriate value by calming the fluctuation. 
[0038] 

Thus, this invention is explained according to embodiments, but this invention may 
include various modifications and improvements of embodiments within the scope of the claims 
of this invention. In the above-mentioned example, a nozzle is arranged so that water/developer 
is emitted in the vicinity of the master disk center. However, a nozzle can be arranged at an 
arbitrary position as long as an interval between the master disk and the condenser lens is filled 
with water by the rotation of the master disk. For example, in a radial direction, a nozzle can be 
arranged at the same position as the condenser lens, and the front portion of the rotation direction 
of the master disk. The emitting direction of the liquid from the nozzle can be adjusted to an 
arbitrary direction by changing the direction of the nozzle. 
[0039] 

In the above-described embodiments, a structure was used in which water is emitted onto 
the master disk by using a nozzle. However, by arranging a wall surface along a master disk 
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outer circumference, a container having a master disk as a bottom portion may be formed, and by 
storing a predetermined amount of water within the container, water may be filled in a gap 
between the master disk and the condenser lens. Thus, the amount of water emitted from the 
nozzle can be reduced, or water from the nozzle can be filled within the container only before the 
exposure, and fluctuation of the condenser lens holder due to the movement of water can be 
controlled. Furthermore, the nozzle itself can be omitted, and only the above-mentioned 
container structure can be used. That is, as long as a method is used which can hold water in a 
gap between the master disk and the condenser lens, an arbitrary method can be used. 
[0040] 

Furthermore, a withdrawing mechanism that withdraws the optical head portion from the 
master disk while the optical head portion is being developed, or an optical head cover that 
suppresses developer from being attached to the optical head portion while the optical head 
portion is being developed, can be arranged on the above-mentioned master disk exposure 
apparatus. By having such a withdrawing mechanism or an optical head cover, the optical head 
portion can be protected from developer, which is alkali liquid, and erosion of the lens and the 
lens holder can be suppressed. 
[0041] 

The master disk exposure apparatus of this invention can be used for manufacturing not 
only an optical recording medium exclusively for reproduction such as a compact disk, a CD- 
ROM, a digital video disk, etc., a postscript type recording medium such as a CD-R, and a 
rewritable optical recording medium such as an optical magnetic disk, but also an embossed pit 
type magnetic recording medium used for a hard disk, etc. 
[0042] 
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[Effects of the Invention] 

With respect to the master disk exposure apparatus of this invention, by having liquid 
between the condenser lens and the master disk, the condenser lens can function as a liquid 
immersion lens. Therefore, the exposure resolution can be further improved, and a master disk 
for a high density recording medium on which a minute pit such as 0.2 |im or less is formed can 
also be manufactured. 
[0043] 

Additionally, the master disk exposure apparatus of this invention does not need a 
developing device conventionally used for a process after exposure because this invention 
provides developer supply means. Thus, an exposure process and a developing process can be 
simplified. In particular, developer supply means is constituted by a nozzle that emits liquid or 
developer inserting between the optical element and the master disk onto the master disk, a 
supply device that supplies the liquid or developer to the nozzle, and a switching device that 
switches supply of the liquid or developer to the nozzle. Thus, liquid can be emitted from the 
nozzle by switching the developer and exposure liquid, so a developing function can be 
incorporated into the master exposure apparatus in a further simplified structure. 
[0044] 

The master disk exposure apparatus of this invention is further provided with a testing 
device that tests width, depth, etc. of a pit or a groove of the exposed and developed master disk. 
Thus, because of the master disk exposure apparatus, exposure, developing, and testing can be 
performed in one device, and the equipment cost can be reduced, and the processing up to 
manufacture of a stamper can be simplified. 
[0045] 
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According to the master disk exposure method of this invention, master disk exposure is 
performed while liquid is held between an optical element that collects a laser beam and the 
master disk, so the optical element can function as a liquid immersion lens, and dust, etc. 
attached to the master disk during the exposure can be removed. Because of this, the exposure 
resolution of the optical head and exposure accuracy can be improved. 
[Brief Description of the Drawings] 

Fig. 1 is a conceptual view explaining an overall structure of a master disk exposure 
apparatus according to this invention. 

Fig. 2 is a perspective view in which a first embodiment of an optical head of a master 
disk exposure apparatus according to this invention shown in Fig. 1 is seen from a lower 
direction. 

Fig. 3 is a cross-sectional view showing the first embodiment of the optical head of the 
master disk exposure apparatus according to this invention shown in Fig. 1 . 

Fig. 4 is a conceptual view explaining a structure of a nozzle of a master disk exposure 
apparatus and a water/developer supply device according to the first embodiment and a second 
embodiment of this invention. 

Fig. 5 is a cross-sectional view of an optical head of a master disk exposure apparatus 
according to the second embodiment of this invention. 

Fig. 6 is a view explaining in which a condenser lens of the master disk exposure 
apparatus of this invention functions as a liquid immersion lens. 
[Explanation of the Symbols] 
3 Beam splitter 
7 AO modulator 
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[Amendment] 

[Filing Date] September 5, 2003 
[Amendment 1] 

[Document subject to Amendment] Specification 
[Item subject to Amendment] Scope of the Claims 

[Amending Method] Revision 
[Amendment Content] 
[Scope of the Claims] 
[Claim 1] 

A master disk exposure apparatus that photosensitizes a photoresist in a desired pattern 
by collecting and irradiating a laser beam onto a master disk for manufacturing a recording 
medium coated with a photoresist, comprising: 

an optical element that collects the laser beam onto a surface of the master disk; 

a nozzle that emits liquid onto the master disk on an optical path between the optical 
element and the surface of the master disk; and 

a liquid supply device that supplies liquid to the nozzle. 
[Claim 2] 

The master disk as set forth in claim 1 , 

wherein the optical element functions as a liquid immersion lens. 
[Claim 3] 

The master disk as set forth in claim 1 or 2, further comprising: 
means that supplies developer onto the master disk. 
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[Claim 4] 

The master disk exposure apparatus as set forth in claim 3, 

wherein the means that supplies the developer onto the master disk is constituted by a 
nozzle that emits the liquid or developer onto the master disk, a supply device that supplies the 
liquid or developer to the nozzle, and a switching device that switches supply of the liquid or 
developer to the nozzle. 
[Claim 5] 

The master disk exposure apparatus as set forth in claim 4, further comprising 
a testing device that tests an exposed and developed master disk. 
[Claim 6] 

* 

The master disk exposure apparatus as set forth in claim 5, 

wherein the testing device is an optical head including the optical element of the master 
disk exposure apparatus. 
[Claim 7] 

The master disk exposure apparatus as set forth in any of claims 1-6, 
wherein the liquid is water. 
[Claim 8] 

A master disk exposure method that photosensitizes a photoresist in a desired pattern by 
collecting and irradiating a laser beam onto a master disk for manufacturing a recording medium 
coated with a photoresist, 

wherein master disk exposure is performed while holding liquid between the optical 
element that collects the laser beam and the master disk. 
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